Abstract. QoS enabled multicast routing is known to be of non-polynominal complexity, which leads to the necessity of using heuris- 
Introduction
The MCMST concept can be used to reflect the Quality of Service (QoS) routing problems in the group communication [1, 3] . It reflects finding multicast communication trees that satisfy multiple constraints with regard to some of the link properties, while minimizing the cost associated with the utilization of the network resources.
There are different approaches to the multi-criteria optimization of the routing problems, but the class of the multi-constrained algorithms is particularly suitable for this task. On one hand it enables the optimization against multiple criteria, but on the other hand it doesn't require minimizing all the metric associated with the results. This kind of a mathematical problems can be handled with some specialized techniques which are worth analyzing in the context of the QoS routing, because they may offer some simplifications with the regard to the computational complexity and at the same time can solve problems in a model that reflects the modern routing problems.
The complexity of the multicast optimization is high and therefore such compromise solution is an attractive sub- 
Related work
The multi-criterion multicast routing has been proven to be N P-complete [3] . Some interesting solutions to this problem have been proposed in the past, both for single and multiple constraints, e.g. [5, 7, 13, 16] . incrementally. The refinement is performed by the exploration of the solution space around the initial approximation. The two approaches differ in the complexity of the model of the excluding the already visited areas from the analyzed space. In [16] a preprocessing based approach is presented. The optimization stems from the initial solution built with an extended Prim's algorithm. This step guarantees that the constraint has not been broken, however doesn't guarantee finding a complete solution. In the following steps the information gathered in the first phase is used to refine the initial solution.
2.0.0.2 Multicriterial optimization An extension of the k-shortest paths algorithm has been presented in [13] .
The use of the k-shortest paths algorithms allows for very tight optimization leading to obtaining of high quality results. The proper definition of the optimization target provides the results of very high quality at the expense of the computational complexity. Another solution from the genetic algorithms family has been proposed in [7] . This approach shows promising characteristics for solving problems of high complexity. However, in the author's view, the computational complexity and the necessity of finetuning renders them infeasible for the practical application. The real time routing algorithms must operate at very high speeds, which are impossible to obtain with this algorithm. In [14] a novel variation of a genetic approach has been presented. In the referred article an immune system based algorithm has been presented that bears strong similarity to the genetic approaches. The algorithm optimizes a fixed number of criteria, but there are four of them, therefore the algorithm's quality is comparable to the algorithms optimizing multiple criteria in general.
2.0.0.3 The result model An important discussion of the MCMST result model has been shown in [8] . In certain classes of the mutlicast routing problems an optimal solution may exist which is neither a tree nor a set of paths. The tree model is infeasible in the cases when the optimal solutions includes loops. On the other hand the set of paths is not an adequate result model, because some of the edges are shared between the routes to the particular destinations and shouldn't be considered multiple times in the evaluation of the solution. In our studies we use a compatible approach, that allows for avoiding the problems mentioned above. 
Mathematical model
We define the accumulated metrics for the paths, so that the cost of a path p, based on the edges that form it e ∈ p ⊆ E, the i − th is defined :
A rooted multicast tree t(s, d 1 , d 2 , . . .), connecting the source node s ∈ V with the multiple destinations
is defined as a tree in G, of which the only leaf nodes are the ones from the set {s}∪D, with one of them, the node s, arbitrarily selected as the root.
We define the accumulated cost of a tree t analogously to the accumulated path's cost as:
. .) define the set of all the trees spanning the nodes from the set {s} ∪ D. For a tree t we define a path
which is a path connecting the nodes s and d i within the given tree.
We define the constraints set C as :
. The constrains are associated with the metrics of the same indices.
The MCMST problem is defined as finding the tree t * spanning the source node s and the destination nodes D that fulfills the following conditions:
Compared algorithms
In order to present the routing simulation results fro large networks three algorithms have been used: RDP [12] , HMCMC [4] and an aggregated variant of the unicast algorithm: MLARAC [9, 11] .
RDP
The RDP algorithm is based on the concurrent execution of multiple instances of the Dijkstra's algorithm. The shortest path finding relaxation is performed starting from all the mutlicast participant nodes maintaining the basic rules of the Dijkstra's algorithm. A non-linear aggregated metric is used to compute the relaxation costs. Only one node is relaxed, but it may happen for each of the concurrently performed relaxations. Whenever a node is closed with the regard to one of the relaxations it is analyzed from the point of view of the other relaxation processes.
If a given node has been closed for all of the Dijkstra's algorithm's instances it can be stated that the shortest paths from each of the multicast participants to the given node is known (with the regard to the aggregated metric). 
HMCMC
The HMCMC algorithm is based on the Dijkstra's algo- 5 Simulation results
Experiment parameters
The simulation has been performed in a selection of randomly generated graphs. Three different topology generation techniques have been used: Waxman [15] , Barabasi-Albert [2] and INET [6] . The graphs of 50, 100, 250, 500, 1500, 3037, 3600, 4750, 6000 nodes were generated for the simulation except for the INET algorithm, which is only capable of generating networks of at least 3037 nodes. Each of the graph edges was given 3 randomly generated metrics.
In order to model the multicast connection requests the node groups were randomly selected in the generated topologies. The node groups were selected among the graph nodes using the following techniques:
• Random -uniformly selecting nodes from the set of all the graph nodes,
• Centroid based -uniformly selecting a single nodethe centroid, and then selecting the multicast group from the nodes topographically nearest to the centroid (this requires generation of the graph with the nodes' location data),
• Degree based -selection of the nodes of the greatest degree first.
The groups of 4, 8, 12, . . . , 24 nodes were selected.
The constraints for the MCMST problem have been selected arbitrarily to be high enough to prevent the selection of the minimal trees, but low enough to still enable finding feasible solutions. The constraints are defined for second and third metric, which in the convention assumed in the article means the metrics m 1 and m 2 . The following value pairs were selected for, respectively, metric 1 and 2:
• 2, 2,
• 8, 6,
• 14, 10,
• 17, 12.
Measured values
The result of the multicast routng is treated as a tree. The trees obtained in the simulation have been measured for several different metrics to be presented in the charts.
The m 0 metric of the entire tree has been measured as it is interpreted as the cost metric, which is reasonable to measure for the entire tree. The average m 1 and the m 2 metrics have been measured for the paths between the multicast source and each of the receivers. Since the constraints are defined in the point-to-point manner the constrained metrics should be measured for the paths rather than the entire tree. Additionally the drainage measurement [10] has been used do find the value of the routing success rate. This technique satisfies consequent. After each multicast tree has been found the resources that it represents are removed from the graph. The resource removal is modeled after the formula used by the OSPF protocol to associate an edge weight with the bandwidth value. Therefore the acquisition of a certain amount of bandwidth for given edges is translated into the increase of the edge cost. After the entire bandwidth in the edge has been depleted, the edge is removed from the graph. The routing requests are generated and handled iteratively until the depletion of the network resources breaks the graph's connectivity.
The number of the requests that have been successfully handled until that point is taken as the algorithm's success rate. All the plots revealed almost no dependency on the graph size, however a slight increase was observed for the success rates observed in the Waxman networks.
Results presentation

Conclusions
Even though the simulation of solving the MCMST prob- 
